Abstract-Crosstalk due to optical fiber nonlinearities is an important parameter to be considered to determine the performance of WDM based CATV optical networks. In this paper we present the results of our investigation on the crosstalk due to stimulated Raman scattering and cross phase modulation. Due to the limited bandwidth availability for the upstream data communication in the CATV network, WDM technology is widely employed. We considered different WDM configurations of CATV network and investigated, both numerically and experimentally, the effect of these nonlinear effects with respect to optical power, wavelength spacing, transmission distance and carrier frequency.
Wavelength division multiplexing (WDM) technology has been given wide attention in the broadband optical networks in order to utilize the enormous bandwidth of the optical fiber. However, when several optical signals are multiplexed, there arise coupling and crosstalk between the multiplexed signals due to different fiber nonlinear effects, and these phenomena limit the ultimate WDM network performance [1] [2] [3] . Typical wavelength band used in these networks is between 1310 nm and 1550nm. Subcarrier multiplexed optical systems have traditionally been used for cable television (CATV) distribution, and system operators have deployed video narrow casting systems to serve different analog contents to different subscribers. More recently, in the access networks, systems are upgraded to handle two-way communication of voice, data and analog video overlay through WDM as in the case of Passive Optical Network (PON) system. WDM techniques have also been employed to effectively use the limited upstream bandwidth of 5 MHz-55 MHz in the CATV data communications systems. The optical nodes serving the subscribers are segmented and each node is assigned an unique CWDM wavelength. The multiplexed CWDM signal is then transmitted back to the head-end. The dominant fiber nonlinearities are stimulated Raman scattering (SRS) and cross phase modulation (XPM). The crosstalk effects in such system are investigated.
THEORETICAL BACKGROUND
SRS in WDM systems is due to nonlinear coupling effect through Raman gain and thus the modulated optical signal causes modulation of all other co-propagating signals. XPM effect arises from the nonlinear refractive index of the fiber material, and thus the power of the modulated channel induces small change in the refractive index and in turn phase modulation of all other wavelength channels. In a dual wavelength WDM system, the SRS and XPM induced crosstalk can be investigated by studying the effect of a modulated signal on a CW signal. The interacting signal in this case is described by the following equations.
Here, the subscripts CW and MOD refers to CW and modulated signal respectively, v is the group velocity, α is the propagation loss, P is the optical power, g R is the Raman gain coefficient, A ef f is the effective fiber core area. For copropagating signals, the optical power of the CW signal can be derived as,
The first and second terms within the bracket correspond to the amplification and the third term corresponds to the modulation transfer. Eq. (3) is used to calculate the crosstalk due to SRS. Similar derivation will be presented for the case of XPM induced crosstalk.
Downstream Data
Upstream Data λ 3 =1310nm | 20km Single Mode Fiber | Figure 1 : Typical CATV network using WDM system. Figure 1 is a typical CATV network used in the CATV network. Fig. 2 shows the Raman amplification of optical signal due to strong pump. The pump signal of 1450 nm induces Raman amplification on a copropagating signal (tunable wavelength signal in the range of 1300 nm-1600 nm is used in this experiment). Though the peak amplification is at 100 nm on the higher side of pump wavelength, amplification can be observed over a bandwidth of 1450 nm-1600 nm. We investigated a dual wavelength WDM optical system with transmission distance of 20 km, where 1490 nm and 1550 nm are used for the downstream data and analog video transmission. The data signal of wavelength at 1490 nm will act as the pump wave, and when modulated, optical wave of this wavelength induces crosstalk on the video channel.
NUMERICAL CALCULATIONS AND EXPERIMENTS
We experimentally measured the crosstalk levels at 1550 nm video channel by modulating 1490 nm data channel with the frequency range between 70 to 770 MHz, which is typically used for CATV video distribution. We compared the measured data with the theoretical prediction and find good agreement between the results. Different wavelength spacing used in the CATV network, 20 nm and 0.8 nm wavelength spacing for CWDM and DWDM systems respectively. Crosstalk effects are investigated against the system parameters such as RF frequency bandwidth, optical wavelength spacing, transmission distance and transmission direction.
The SRS and XPM induced crosstalks were observed to affect the low frequency and high frequency RF channels respectively, and the total crosstalk will be the sum of these individual crosstalk mechanisms.
